We examined the impact of New York State's public reporting system for coronary artery bypass surgery fifteen years after its launch. We found that users who picked a top-performing hospital or surgeon from the latest available report had approximately half the chance of dying as did those who picked a hospital or surgeon from the bottom quartile. Nevertheless, performance was not associated with a subsequent change in market share. Surgeons with the highest mortality rates were much more likely than other surgeons to retire or leave practice after the release of each report card. [Health Affairs 25, no. 3 (2006): 844-855; 10.1377/hlthaff.25.3.844] M an y r e s e a r c h e r s b e l i e v e t h at quality-performance data can aid consumers selecting physicians, help purchasers contracting with health plans and hospitals, and catalyze quality improvement efforts.
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The Centers for Medicare and Medicaid Services (CMS) now provides financial incentives to all hospitals caring for Medicare beneficiaries to publicly release quality-performance data. Critics worry that methodologies used in risk adjustment are imperfect; reported performance may disadvantage providers with severely ill patients and mislead purchasers and consumers. 2 Initial studies have found that consumers and referring physicians rarely use published quality data in choosing providers, although advocates believe that consumers will increasingly use quality "report cards" as they gain experience with reporting systems. 3 The New York State Cardiac Surgery Reporting System (CSRS) is arguably the gold standard for the public reporting of hospital and physician quality. New York began publicly reporting risk-adjusted coronary artery bypass graft (CABG) mortality rates in 1991. These reports have become a model for other states.
Although the New York State system is influential, knowledge of its function and impact is limited. Preliminary data through 1995 show that the system had little impact on hospital volume, although one report suggested that low-volume surgeons stopped practicing in the state. 4 Despite the importance of this system, most of the existing studies focus on the early years; two recent studies suggest short-lived changes in hospital market share for outlier hospitals after publication, and another suggests that lower mortality trends in New York continued through 1999. 5 We used data collected by the state from 1989 to 2002, the last year for which data were available, to answer four questions: (1) Does high or low performance by surgeons or hospitals predict performance in the period when the data are most likely to be used; (2) is there evidence that hospitals' or surgeons' performance affects patient market share subsequently; (3) is there an association between a surgeon's performance and the likelihood that he or she will cease practicing in the state; and (4) if so, do the surgeons who cease practicing in the state convey that the reporting system had an impact on their decision?
Study Data And Methods n Data. We used publicly available data from the New York State Department of Health. 6 These annual reports from the CSRS provide data on performance (riskadjusted mortality rate) and volume (number of cases) by hospital (in a given year) and by surgeon (in three-year periods). The reports typically become available one to three years after the observation period. We also obtained unpublished data on annual surgeon volume from the New York State Department of Health.
We obtained data on hospitals' academic affiliation (belonging to the Council of Teaching Hospitals, or COTH), profit status, and location (within New York City) from the American Hospital Association (AHA) database of U.S. hospitals. Data on surgeons' age, sex, years in practice, and medical school location (domestic versus foreign) were obtained from a combination of state medical society Web sites, hospital Web sites, the American Medical Association (AMA) Web site, and a national Web site for cardiothoracic surgeons.
Finally, we identified all surgeons who dropped out of the reporting system and attempted to contact them by telephone or electronic mail. We used the AMA Physician Masterfile, the New York State Physician Profile, Internet-based people searches, and contacts with surgeons' last known place of employment or residence to identify their whereabouts.
n Variables. Performance was defined as each hospital or surgeon's risk-adjusted mortality rate (RAMR). High-performing providers were those with the lowest RAMRs, while low-performing providers had high RAMRs. Market share was defined as the number of cases of isolated CABG surgeries performed by a given surgeon or hospital in a given time period, divided by the total number of isolated CABG surgeries performed by all surgeons (or hospitals) in New York during that period. Finally, any surgeon who did not perform a single surgery in a given calendar year was assumed to have left the system during the prior year. We validated our assumption by asking delisted surgeons if they had stopped practicing in New York.
n Analysis. To examine how well report-card ratings predicted subsequent performance, we performed two sets of analyses. First, because users typically focus on top or bottom performers, we created four hospital and surgeon performance groups: top decile, top quartile, bottom quartile, and bottom decile. We calculated a mean risk-adjusted mortality rate for each category of performance (for hospitals and surgeons) in the year (for surgeons, three years) that followed the release of the report card. For example, data on 1993 hospital performance were released in mid-1995. Therefore, for hospitals in the top decile of performance in 1993, we calculated the weighted risk-adjusted mortality rate during 1996 (when a patient would likely use the report). Similarly, for surgeons, data on performance for 1991-93 were released in 1995. We calculated risk-adjusted mortality rates for those performers during 1996-98 and again weighted those calculations by caseload. We summed all years' data into a summary result for both hospitals and surgeons. Next, we used Pearson correlation coefficients to evaluate the statistical association between a performance report and subsequent performance. We also graphically examined the relationship between a performance report and the subsequent report.
We measured the impact of ratings on subsequent market share by comparing each hospital's (or surgeon's) market share in the year subsequent to the reportcard release to the market share in the year prior to its release and calculated the percentage change. For each report, we assessed change in market share for each performance category. We summed data in the different performance categories from all available reports to measure overall changes in market share based on performance. Further, because consumers who used report cards would likely choose among providers in the same region, we analyzed the impact on market share by regions. We looked at three regions with the largest number of hospitals: New York City, Long Island, and western New York (Buffalo, Rochester, and Syracuse). We measured whether the change in market share in the two top-performing hospitals in any given region was different than the change in market share in the two bottom-performing hospitals in that region. Finally, because the report card identifies the few hospitals and surgeons whose performance is statistically significantly different from the state average, we examined whether being in one of these groups affected subsequent market share.
To statistically test the association between performance and change in market share, we built separate linear regression models for surgeons and hospitals for each set of reports in which we had both prerelease and postrelease market share data. In the hospital models, we used postrelease market share as the outcome, and predictors included performance rating, baseline market share, number of beds, COTH membership, urban versus nonurban location, and profit status. For surgeon data, we used postrelease market share as the outcome and included per-formance rating, baseline (prerelease) market share, age, sex, number of years' experience, and graduation from a domestic medical school as predictors. Performance score was specified in separate analyses by rank and by quartiles. Because the results were qualitatively similar, we present data from performance only by rank. To assess the impact of performance on surgical market share, we studied surgeons who were present in both the prerelease and postrelease years.
We used the first five report cards available to assess the relationship between a surgeon's performance (categorized in quartiles) and subsequent discontinuation of practice in New York State within the subsequent year. Because we were concerned with unstable estimates due to small numbers, we also examined discontinuation of practice over two years after the release of a report card. The analyses were qualitatively similar and therefore, we present data for discontinuation over a two-year period. We used logistic regression models with surgeon characteristics (age, years of experience, and graduation from a domestic medical school) as well as volume of surgeries performed in the year prior to the release of the report card as covariates to determine the association between surgical performance and decision to cease practicing in New York. We also analyzed models that excluded surgical volume in the prior year. Because the results were qualitatively similar, we present only the numbers from the analysis that included prior volume. We analyzed the data for each report card separately but also analyzed aggregate data for all the years. Since the same surgeon was usually present in more than one report card and these observations were therefore not independent, we used a repeated measures logistic regression with an unstructured correlation matrix to determine the independent association between performance in the bottom quartile and leaving practice in New York. Finally, after identifying surgeons who had dropped out of the report system, we attempted to contact each one and ask whether he or she was still practicing and whether their decision to cease practicing in New York was influenced by the reporting system.
Study Results
CABG surgery was performed in thirty-three hospitals in New York State between 1989 and 2002. We excluded two hospitals that performed these surgeries for three years or less. Hospitals that performed CABG surgery were more likely to be COTH members (61 percent versus 14 percent, p < .001), to be in New York City (39 percent versus 25 percent, p = .05), and to be larger (mean number of beds: 644 versus 315, p < .001) compared with hospitals that did not perform CABG surgery.
One hundred sixty-eight surgeons were listed as having performed CABG surgery in adequate volume within New York State sometime between 1989 and 2002. Their average age was fifty-three years, with seven years of postgraduate training and 17.3 years of subsequent practice as of 2000 in New York.
n Accuracy in predicting subsequent performance for hospitals. We found that the hospital ratings reliably predicted subsequent risk-adjusted mortality rates.
For example, patients undergoing surgery in 1996 who selected a hospital in the top decile using the latest available data (from 1993) had an average RAMR of 1.82 , whereas patients who chose a hospital from the bottom decile had an average RAMR of 2.89 (Exhibit 1). Summing the data across all years, we found that patients in hospitals in the top decile during the index year subsequently had an average riskadjusted mortality rate of 1.59 , while patients in hospitals in the bottom decile in the index year subsequently had an average RAMR of 2.78. Performance of hospitals in the index year and postrelease year were significantly correlated for each pair of report cards. 7 Exhibit 2 graphically depicts one set of these relationships. n Accuracy in predicting subsequent performance for surgeons. We found that patients could reliably use performance data to choose surgeons with lower CABG mortality. For example, a patient undergoing surgery in 1994, who used the latest available data (1989-1991) to choose a top-decile surgeon, would have had an average RAMR of 1.71 , while a patient who had chosen a bottom-decile provider would have had an average RAMR of 3.80 (Exhibit 3).
In our aggregated data, we found that choosing a surgeon from the top decile led to an average RAMR of 1.58 in the year when the data would likely be used, while surgeons from the bottom decile had an average RAMR of 3.20 during the time period when the report card was likely to be used (Exhibit 3). 8 We graphically depict one set of these relationships in Exhibit 4.
n Changes in market share associated with performance. We found no evidence that performance was associated with subsequent change in hospitals' market share (Exhibit 5). For example, hospitals performing in the top decile and top quartile in a report released in 1995 experienced 0.3 percent and 1.0 percent decreases in market share, respectively, while hospitals performing in the bottom decile and bottom quartile in the same report experienced 0.3 percent and 2.1 percent increases in market share, respectively. There was no consistent association be- 8 4 8 M a y / J u n e 2 0 0 6 tween performance rank and change in market share using linear regression (Exhibit 5). When we examined changes in market share based on performance within regions, we found that changes in market share for the best performers within a region were similar to those for the worst performers within that region for the four time periods we examined. Data among surgeons who were in practice before and after the release of any given report were qualitatively similar, with no association between performance and subsequent change in market share (Exhibit 6). n Discontinuing surgical practice. Surgeons with poor performance on report cards were more likely than others to leave practice of CABG surgery in New York State within two years after the release of the report. Overall, more than 20 percent of bottom-quartile surgeons stopped practicing CABG surgery in New York within this period, whereas only about 5 percent of surgeons in the top three quartiles did so (Exhibit 7). The association was evident in all five reports we examined but statistically significant in only the combined data. We identified thirty-one surgeons who left practice, according to the reporting system, between the year 1989 and 1999. They had a median age of sixty-one (range, 43-82 years old) and a median of twenty-four years' practice experience (range, 6-45 years) when they left practice. We could not obtain follow-up information for four of them, despite an exhaustive search. Two others had died. Of the twenty-five remaining surgeons, nine were still performing bypass surgeries outside New York (median age fifty-four; range, 49-70), while nine had retired (median age sixty-nine; range, 59-82), and seven were working in nonclinical positions (median age sixty; range, 43-63).
We received survey responses from eighteen of these twenty-five surgeons. Three of the seven surgeons who did not respond had been in the bottom quartile of performance in the year prior to leaving practice. Ten of the eighteen responding surgeons stated that the CABG reporting program had no impact on their decision. Four of these ten had been in the bottom quartile of performance prior to leaving. Finally, two of the eighteen said that it had a minimal impact, and six reported a moderate or substantial impact on their decision. Of these eight surgeons, four were in the bottom quartile prior to departure. Two low-mortality surgeons reported leaving because pressure to reject high-risk patients and focus on documentation made practicing surgery less enjoyable. 8 
Discussion
We found that New York's publicly released mortality reports had good, although not perfect, predictive value for those who might use the data to select providers. However, there was no evidence that they affected hospitals' or surgeons' market share after they were released. Perhaps most important, their publication seemed to have a critical impact on practicing surgeons' livelihood. With the release of each report card, approximately one in five bottom-quartile surgeons relocated or ceased practicing within two years. SOURCE: Authors' analyses of data from the New York State Cardiac Surgery Reporting System. NOTES: The year in parentheses denotes the year in which the report was published. Prior-year market share denotes the year before each report was released; subsequent-year market share, the year after release. Parameter estimate is the change in market share associated with a unit change in hospital rank.
Reporting outcome data by individual physicians is controversial. Proponents argue that surgeon performance has a large and measurable impact on surgical mortality and other measures of quality. Critics counter that publicly reporting individual-level data can be inaccurate when sample size is inadequate and that it can increase physicians' resistance to quality improvement efforts. Further, they argue that professional ethos is sufficient to catalyze meaningful improvement in performance with confidential release of performance data. 9 Our study is the first to thoroughly evaluate the impact of reporting individual surgeons' performance data on their decision to discontinue practice or relocate; our results suggest that public release of performance data can have a profound impact on physicians and their livelihood. These results underscore the importance of adequate risk adjustment and sufficient sample size to permit accurate assessments. 8 
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NOTES:
The year in parentheses denotes the year in which the report was published. Prior-year market share denotes the year before each report was released; subsequent-year market share, the year after release. Parameter estimate is the change in market share associated with a unit change in hospital rank.
Professional groups and organizations have focused on practice volume as a proxy for quality and suggested standards. One early description of the New York State system noted that twenty-seven low-volume (fewer than fifty cases annually) surgeons stopped practice in the state between 1989 and 1992. 10 The surgeons identified in our study as having left practice were a different group: All of them performed more than 150 operations over three years.
A reporting system's ability to predict performance after it becomes publicly available is central to its usefulness in guiding consumers' decisions. Therefore, it is puzzling that we could find limited information about this issue from prior evaluations of this and other report-card systems. Our results suggest that bottom-decile hospitals or surgeons subsequently have approximately twice the risk-adjusted mortality rate as the top-performing hospitals or surgeons. If the collection and analysis of performance data can be expedited and the length of time between collection and reporting shortened, we expect predictive accuracy to improve.
Given the expense, morbidity, and mortality associated with CABG, one might assume that performance data would greatly affect patients' decisions or cardiologists' referral practices. Although the procedure is sometimes done urgently, past surveys of patients getting CABG surgery suggest that the large majority believe they have sufficient time to choose a provider. 11 Indeed, the proliferation of these public reporting systems is testimony to policymakers' perception that patients, referring physicians, and health plans will choose based on reported quality performance. A number of previous studies have not borne this out in practice. 12 However, other studies suggest that performance reports can affect patients' choice of providers. 13 This study has important limitations. Because the risk-factor models used to calculate risk-adjusted mortality rates changed each year, we could not accurately assess changes in patient mortality over time. Many factors affect patient market share, and confounders might have reduced our ability to find an impact of performance on subsequent market share. The relationship between surgeons' performance and subsequent decision to retire or relocate might not be caused by the reporting system but could be a marker for illness, or other factors that led to poor performance and also led surgeons to change their livelihood. Percutaneous coronary intervention (PCI) became much more common during the time period we studied, and its presence might have affected our results. Finally, New York is a highly regulated state, and patterns of care there might not generalize to other states. W e found that reports on performance can reliably predict better-than-average performance for both surgeons and hospitals and can help patients and payers avoid low-performing providers. However, despite a decade of experience, we found no evidence that purchasers or patients are using these reports to drive market share to higher-performing providers. Perhaps more importantly, we found a strong association between poor performance and a surgeon's decision to change his or her profession. Advocates of publicly reported data might see this as a benefit of the system. The large impact on practicing physicians underscores the need for highly accurate reporting.
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